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BACKGROUND Information regarding the association between lean
body mass (LBM) and atrioventricular (AV) block risk is lacking.

OBJECTIVE The purpose of this study was to determine the asso-
ciations of LBM with the risk of AV block.

METHODS We analyzed 370,415 UK Biobank participants who un-
derwent bioimpedance analysis and had no history of AV block or
cardiac implantable electronic devices. The primary outcome was
a composite of second- or third-degree AV block. Secondary out-
comes included each component of the primary outcome and AV
block-related pacemaker implantation. Adjusted hazard ratios
(HRs) and 95% confidence intervals (CIs) per 1-SD increase in
LBM were estimated using multivariable Cox regression.

RESULTS The mean age was 56.8 years, and 52.4% were women.
During a median follow-up of 11.8 years, 1519 (0.9%) and 677
(0.4%) primary outcome events occurred in men and women,
respectively. LBM per 1-SD increase (7.7 kg in men and 5.0 kg in
women) was associated with a 15% (HR 1.15; 95% CI 1.09-1.21;

P < .001) and 13% (HR 1.13; 95% CI 1.05-1.22; P = .001) higher
risk of the primary outcome in men and women, respectively. Asso-
ciations remained significant even after adjustment for various
anthropometric variables. Similar patterns were observed for all
secondary outcomes. Higher LBM was associated with a prolonged
PQ interval. The sex difference in incident primary outcome was
attenuated after LBM adjustment.

CONCLUSION Higher LBM was associated with an increased AV
block riskin both sexes and with a higher prevalence of a prolonged
PQ interval. Sex differences in AV block risk may be partly mediated
by differences in LBM.
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Introduction

As older age is related to a higher risk of atrioventricular
(AV) block, the incidence and prevalence of AV block are
expected to increase in an aging society.'”” Pacemaker im-
plantation is an effective treatment for AV block; however,
it may lead to device-related complications.” Cardiac con-
duction disorders are not typically considered preventable;
however, recent studies have identified potentially modifi-
able risk factors, including systolic blood pressure, fasting
glucose level, metabolic status, and physical activity.""*”
Thus, identifying risk factors for AV block, particularly
modifiable risk factors, is important.
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quests and correspondence: Dr Boyoung Joung, Division of Cardiology,
Department of Internal Medicine, Yonsei University College of Medicine,
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address: cby6908 @yuhs.ac.
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Previous studies have demonstrated that obesity,
commonly defined by body mass index, is associated with
a higher risk of incident AV block.”® Body mass index is
therefore often regarded as a modifiable risk factor;
however, it is a crude anthropometric measure that does
not distinguish between lean body mass (LBM) and fat
mass and may not accurately reflect an individual’s
adiposity.” Thus, body mass index—based associations do
not clarify which component of body composition underlies
the observed risk. Accordingly, evaluating whether LBM,
which consists primarily of skeletal muscle, or fat mass is
associated with an increased risk of AV block is necessary
to identify truly modifiable components relevant to incident
AV block. To our knowledge, no previous study has reported
the association between LBM and the risk of AV block.
Given this gap, we hypothesized that LBM may serve as
an independent and predominant anthropometric risk factor
for AV block. The first objective of this study was to
examine the association between LBM and the risk of AV
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m Inthis UK Biobank prospective cohort study, increased
lean body mass (LBM) was associated with a higher risk
of second-degree atrioventricular (AV) block, third-
degree AV block, and AV block-related pacemaker
implantation in both men and women. Associations
remained robust even after adjustment for various
anthropometric variables, including fat mass.

m Increased LBM was also associated with a higher
prevalence of a prolonged PQ interval (200 ms),
suggesting a relationship between LBM and AV con-
duction delay.

m The sex difference in the risk of the composite of
second- or third-degree AV block was attenuated after
adjusting for LBM, suggesting that sex differences in
AV block risk may be partly mediated by differences in
LBM.

block, defined as a composite of second- or third-degree AV
block. The second objective was to assess the relationship
between LBM and electrocardiographic parameters to better
understand the potential mechanisms linking LBM and AV
block risk.

Methods

Ethical approval

The UK Biobank study received ethical approval from the
North West—-Haydock Research Ethics Committee (REC
reference: 21/NM/0157). All participants provided
informed consent, and those who withdrew consent were
excluded from the analysis. The present study was con-
ducted under UK Biobank application no. 77793 and
approved by the Institutional Review Board of the Yonsei
University Health System (approval no. 4-2025-0652),
with a waiver of additional informed consent. The
research reported in this article adhered to the Declaration
of Helsinki.

Study population

We conducted a prospective cohort study using data from the
UK Biobank, which recruited 502,421 middle-aged partici-
pants (aged 40—69 years) across 22 assessment centers in En-
gland, Scotland, and Wales between 2006 and 2010.'° At
baseline, detailed health-related data were collected through
interviews, questionnaires, physical measurements including
whole-body bioimpedance analysis, and blood sampling. We
included 370,415 participants who underwent whole-body
bioimpedance analysis and had no history of second- or
third-degree AV block or cardiac implantable electronic de-
vices. The sample selection flowchart is presented in
Supplemental Figure 1.

Assessment of LBM

LBM was assessed using whole-body bioimpedance analysis
(Tanita BC-418MA body composition analyzer [Tanita
Corp., Tokyo, Japan]) under standardized protocols at base-
line assessment centers. Specifically, LBM was defined on
the basis of the whole-body fat-free mass (UK Biobank
data field: 23101), corresponding to weight minus whole-
body fat mass. Complementary measures of weight,
whole-body fat mass, and body fat percentage were obtained
from the UK Biobank data fields 23098, 23100, and 23099,
respectively.

Definition of outcomes and covariates

Participants’ history of second- or third-degree AV block
and cardiac implantable electronic device implantation
were identified using linked UK Biobank hospital inpatient
data with International Classification of Diseases, Tenth
Revision (ICD-10) and OPCS Classification of Intervention
and Procedures, version 4 (OPCS-4) codes. Incident AV
block events were ascertained from the UK Biobank hospital
inpatient and national death registry data, with censoring at
the first event, loss to follow-up, or death.

The primary outcome was a composite of second-degree
or unspecified AV block (ICD-10 codes 144.1 or 144.3) or
third-degree (complete) AV block (ICD-10 codes 144.2,
145.8 [AV dissociation], or 145.9 [heart block not otherwise
specified or Stokes-Adams syndrome]). Secondary out-
comes included each component of the primary outcome
and AV block-related pacemaker implantation (OPCS-4
procedure codes K605, K606, K615, and K616, identified
following ICD-10 codes 144.1, 144.2, 144.3, 145.8, and
145.9). Supplemental Methods provide detailed information
on the covariates used in the analysis, and Supplemental
Table 1 lists the definitions of outcomes and comorbidities.

Primary analysis

We performed a complete-case analysis, excluding partici-
pants with missing covariate data (n = 120,498 [24.5%]).
After confirming the markedly different distributions of
LBM between men and women, participants were stratified
by sex, and all analyses were performed separately to ac-
count for sex-specific differences. Participants were fol-
lowed from the baseline assessment until the first
occurrence of the primary or secondary outcomes, loss to
follow-up, or death, whichever occurred first. Associations
between LBM (per I-standard deviation [SD] increase)
and the risk of outcomes were evaluated using multivariable
Cox proportional hazards models. Covariates for adjustment
were selected a priori or on the basis of a univariable associ-
ation with outcomes (P < .10). Adjusted hazard ratios (HRs)
and 95% confidence intervals (CIs) were estimated after
adjustment for age, white ethnicity, hypertension, diabetes
mellitus, dyslipidemia, coronary heart disease, heart failure,
atrial fibrillation, chronic kidney disease, sleep apnea, hypo-
thyroidism, hyperthyroidism, smoking and alcohol history,
high-sensitivity C-reactive protein, physical activity,
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Townsend deprivation index, education attainment, and anti-
arrhythmic drug use. The proportional hazards assumption
was assessed using Schoenfeld residuals and the
Grambsch-Therneau test. E values were calculated to esti-
mate the minimum strength of association that an unmea-
sured confounder would require to explain away the
observed association.

Additional anthropometric analyses

To determine whether LBM represented the independent and
predominant anthropometric variable associated with the
primary outcome, we analyzed LBM and 8 anthropometric
traits (fat mass, fat percentage, height, weight, body mass in-
dex, waist circumference, hip circumference, and waist-to-
hip ratio), both individually and in pairwise models with
mutual adjustment, with adjustment for covariates included
in the main analysis.

Restricted cubic splines were fitted to visualize the dose-
response relationships of LBM or fat mass (per 1-SD in-
crease) with the HR for the primary outcome, adjusted for
covariates included in the main analysis and mutually
adjusted for fat mass or LBM. 3 knots were selected on the
basis of the lowest Akaike information criterion value. The
reference value was defined as the mean LBM for each sex.

Exploratory analyses

To explore potential mechanisms underlying the association
between LBM and the risk of the primary outcome, we
examined trends in the prevalence of a prolonged PQ interval
(>200 ms) and prolonged QRS duration (>120 ms) across
quartiles of LBM using linear regression.

To evaluate whether the difference in LBM between men
and women contributes to the sex-related difference in the
risk of the primary outcome, we divided the crude incidence
rate of the primary outcome in men by the estimated HR cor-
responding to the sex difference in LBM and visually
compared it with that in women.

Sensitivity analyses

Several sensitivity analyses were performed. First, we
assessed the correlation between bioimpedance-derived
and dual-energy X-ray absorptiometry (DXA)-derived
LBM among 34,638 participants (16,827 men and 17,811
women) with available DXA measurements to validate
bioimpedance-derived LBM and address potential misclas-
sification bias. Second, we repeated the main analysis using
multiple imputation by chained equations (predictive mean
matching for continuous variables and logistic regression or
multinomial logistic regression for categorical variables) to
address missing data. Third, participants with atrial fibrilla-
tion or antiarrhythmic drug use at baseline were excluded,
and the main analyses were repeated, as AV conduction
may not be reliably assessed in their presence. Fourth, as
both systolic and diastolic blood pressures are associated
with AV block, we performed the main analyses with
adjustment for both systolic and diastolic blood pressures

instead of hypertension.’ Fifth, to minimize reverse causal-
ity, participants who developed the primary outcome within
2 years of baseline were excluded, and the main analysis
was repeated. Sixth, to account for potential changes in car-
diovascular disease status during follow-up, we addition-
ally adjusted for myocardial infarction or heart failure as
time-updated covariates and repeated the main analysis.
Seventh, we additionally adjusted for resting heart rate to
evaluate whether vagal tone drives the association between
LBM and the primary outcome.

Statistical analysis

Continuous variables are presented as mean * SD or median
(interquartile range) and categorical variables as count (per-
centage). The Student ¢ test or the Mann-Whitney U test
was used to compare continuous variables, and the x? test
or Fisher exact test was used for categorical variables.
2-tailed P values <.05 were considered statistically signifi-
cant. All statistical analyses were performed using R software
version 4.4.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Baseline characteristics

Among the 370,415 UK Biobank participants included in the
study, the mean age was 56.8 = 8.1 years and 52.4% were
women. The mean LBM was significantly higher in men
than in women (63.7 = 7.7 kg vs 445 = 50 kg; P <
.001) (Supplemental Figure 2). Baseline characteristics of
the study sample, stratified by sex, are presented in
Table 1. The baseline characteristics of UK Biobank partic-
ipants included in and excluded from the study sample are
compared in Supplemental Table 2. Included participants
were more likely to be younger and male. However, there
were no notable differences in race or comorbidities (stan-
dardized mean difference <0.100 for all comparisons).

LBM and primary and secondary outcomes

During a median follow-up of 11.8 years, 1519 (0.9%) and
677 (0.4%) primary outcome events occurred in men and
women, respectively. The incidence of the primary outcome
was 0.75 cases per 1000 person-years in men and 0.30 cases
per 1000 person-years in women. LBM per 1-SD increase
was associated with a 15% (HR 1.15; 95% CI 1.09-1.21; P
< .001) and 13% (HR 1.13; 95% CI 1.05-1.22; P = .001)
higher risk of the primary outcome in men and women,
respectively (Table 2). Older age, higher high-sensitivity
C-reactive protein levels, and a history of cardiovascular
risk factors and cardiovascular disease were also associated
with an increased risk of the primary outcome in both sexes
(Supplemental Tables 3 and 4).

Associations between LBM and secondary outcomes fol-
lowed a similar trend to that of the primary outcome. LBM
per 1-SD increase was associated with a higher risk of
second-degree AV block (HR 1.16; 95% CI 1.08-1.26; P
< .001 in men; HR 1.13; 95% CI 1.01-1.27; P = .031 in
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Table 1  Baseline characteristics of the study sample stratified by sex

Variable Overall (N = 370,415) Men (n = 176,350) Women (n = 194,065)
Age (y) 56.8 * 8.1 57.1 + 8.2 56.5 + 8.0
Race
White 350,948 (94.7) 167,082 (94.7) 183,866 (94.7)
Others* 19,467 (5.3) 9268 (5.3) 10,199 (5.3)
Height (cm) 168.9 = 9.3 175.8 = 6.8 162.7 = 6.3
Weight (kg) 78.2 * 15.8 85.9 * 14.0 71.1 * 13.8
Lean body mass (kg) 53.7 = 11.6 63.7 = 7.7 44.5 £5.0
Fat mass (kg) 245+ 9.4 22.2 = 8.1 26.6 = 9.9
Fat percentage (%) 31.0 + 8.4 25.2 + 5.7 36.3 £ 6.9
Body mass index (kg/m?) 27.3 £ 4.7 27.8 + 4.1 26.9 * 5.0
Waist circumference (cm) 90.1 = 13.3 96.7 = 11.1 84.2 = 12.3
Hip circumference (cm) 103.2 = 8.9 103.4 £ 7.4 103.0 = 10.1
Waist-to-hip ratio 0.9 = 0.1 0.9 £ 0.1 0.8 = 0.1

Smoking history

Never or previous

Current smokers
Alcohol history

Never or previous

Current drinkers
Physical activity (MET min/wk)’
Townsend deprivation index’
Education attainment®

ISCED category 1

ISCED category 2

ISCED category 3

ISCED category 4

ISCED category 5
Comorbidities

Hypertension

Diabetes mellitus

Dyslipidemia

Coronary heart disease

332,779 (89.8)
37,636 (10.2)

27,469 (7.4)
342,946 (92.6)
1618.7 = 2060.9
1.4 + 3.0

56,719 (15.3)
97,628 (26.3)
43,261 (11.7)
18,817 (5.1)
153,990 (41.6)

103,198 (27.9)
18,225 (4.9)
51,963 (14.0)
10,224 (2.8)

155,433 (88.1)
20,917 (11.9)

177,346 (91.4)
16,719 (8.6)

17,079 (8.8)
176,986 (91.2)
1484.9 * 1837.9
1.4 + 3.0

10,390 (5.9)
165,960 (94.1)
1765.9 = 2272.3
—1.4 + 3.1

28,948 (14.9)
55,660 (28.7)
24,306 (12.5)
10,989 (5.7)

74,162 (38.2)

Heart failure 8287 (2.2)
Atrial fibrillation 4712 (1.3)
Chronic kidney disease 3529 (1.0)
Sleep apnea 2122 (0.6)
Hypothyroidism 10,302 (2.8)
Hyperthyroidism 1563 (0.4)
Medications
Antiarrhythmic drugs 887 (0.2)
High-sensitivity CRP (mg/L) 1.3 (0.6-2.6)

57,639 (32.7) 45,559 (23.5)
11,841 (6.7) 6384 (3.3)
31,473 (17.8) 20,490 (10.6)
8057 (4.6) 2187 (1.1)
4081 (2.3) 4206 (2.2)
3487 (2.0) 1225 (0.6)
1869 (1.1) 1660 (0.9)
1685 (1.0) 437 (0.2)
1884 (1.1) 8418 (4.3)
364 (0.2) 1199 (0.6)
574 (0.3) 313 (0.2)
1.2 (0.6-2.5) 1.3 (0.6-2.8)

Values are presented as mean * standard deviation, median (interquartile range), or n (%).
CRP = C-reactive protein; ISCED = International Standard Classification of Education; MET= metabolic equivalent of task.

*Other races consist of Asian, black, mixed, and others/unknown.

fOnly MET min/wk corresponding to moderate-to-vigorous physical activity was included in the analysis of physical activity.
*Positive values of the Townsend deprivation index indicate high material deprivation, whereas negative values indicate relative affluence.

SA higher ISCED category indicates more years of education.

women), third-degree AV block (HR 1.14; 95%
CI 1.06-1.22; P < .001 in men; HR 1.15; 95% CI 1.04—
1.26; P = .005 in women), and AV block-related pacemaker
implantation (HR 1.17;95% CI 1.09-1.25; P < .001 in men;
HR 1.19;95% CI 1.08-1.31; P < .001 in women) (Table 2).

Anthropometric variables and the primary
outcome

All anthropometric variables were associated with a higher
risk of the primary outcome in men, whereas only weight,
waist circumference, and waist-to-hip ratio were associated
with a higher risk of the primary outcome in women

(Figure 1). However, after additional adjustment for LBM,
none of these variables remained independently associated
with the primary outcome, except for waist-to-hip ratio
(Figure 1). In contrast, the associations between LBM and
the primary outcome remained robust overall in both sexes,
even after adjustment for other anthropometric variables,
with the exception of weight in men and waist circumference
in women (Figure 1). Details of multivariable-adjusted asso-
ciations between anthropometric measures and the primary
outcome in men and women are presented in Supplemental
Tables 5 and 6.

Figure 2 shows the dose-response relationship of the pri-
mary outcome with fat mass and LBM in men and women
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Table 2 Multivariable associations between lean body mass and the incidence of the primary and secondary outcomes (second-degree AV
block, third-degree AV block, and AV block-related pacemaker implantation) in men and women

Lean body mass (per 1-SD increase)* No. of events HR (95% CI)' P value E value of estimates E value of LL
Men (n = 176,350)
Primary outcome 1519 1.15 (1.09-1.21) <.001 1.57 1.40
Secondary outcomes
Second-degree AV block 716 1.16 (1.08-1.26) <.001 1.59 1.37
Third-degree AV block 916 1.14 (1.06-1.22) <.001 1.54 1.31
AV block-related pacemaker 877 1.17 (1.09-1.25) <.001 1.62 1.40
implantation
Median follow-up period of 11.8 y (quartile 1: 11.1y, quartile 3: 12.5 y)
Women (n = 194,065)
Primary outcome 677 1.13 (1.05-1.22) .001 1.51 1.28
Secondary outcomes
Second-degree AV block 304 1.13 (1.01-1.27) .031 1.51 1.11
Third-degree AV block 408 1.15 (1.04-1.26) .005 1.57 1.24
AV block-related pacemaker 396 1.19 (1.08-1.31) <.001 1.67 1.37

implantation
Median follow-up period of 11.9 y (quartile 1: 11.2 y, quartile 3: 12.6 y)

The primary outcome is defined as a composite of second- or third-degree AV block.

AV = atrioventricular; CI = confidence interval; HR = hazard ratio; LL = lower limit of the confidence interval; SD = standard deviation.
*1 SD of lean body mass is equivalent to 7.7 kg in men and 5.0 kg in women.
The main model was adjusted for age, white ethnicity, hypertension, diabetes mellitus, dyslipidemia, coronary heart disease, heart failure, atrial fibrillation,
chronic kidney disease, sleep apnea, hypothyroidism, hyperthyroidism, smoking history, alcohol history, high-sensitivity C-reactive protein, physical activity,
Townsend deprivation index, education attainment, and history of antiarrhythmic drug use.

after mutual adjustment. In men, fat mass was not associated
with the risk of the primary outcome. In contrast, higher
LBM was associated with an increased risk of the primary
outcome (Figure 2A). In women, an increase in fat mass
was not associated with a higher risk of the primary outcome;
instead, a decrease in fat mass was associated with a higher

risk. In contrast, higher LBM was associated with an
increased risk of the primary outcome (Figure 2B).

LBM and electrocardiographic parameters
LBM per quartile increase was associated with a higher prev-
alence of a prolonged PQ interval (=200 ms) in both men

A Individual, Adjusted Association B Individual, Adjusted Association
Lean body mass : ——— Lean body mass |
Fat mass : —_—— Fat mass —_———
Fat % ———— Fat % —_—
Height ——————— Height ——
Weight : —_———— Weight ——
BMI ——— BMI ———
Waist circ. —_—— Waist circ. | ——
Hip circ. S ——— Hip circ. —_—
Waist/hip : ———— Waist/hip P ———————
Additionally Adjusted for Lean Body Mass Additionally Adjusted for Lean Body Mass
Fat mass —— Fat mass ————
Fat % —_——— Fat % -
Height| ————— Height S
Weight N Weight
BMI _—— BMI ;
Waist circ. —-— Waist circ. —_——
Hip circ. —_—————— Hip circ. :
Waist/hip | —— Waist/hip | ———
Lean Body Mass, Additionally Adjusted for Lean Body Mass, Additionally Adjusted for
Anthropometric Measures Anthropometric Measures
Fat mass : —_—— Fat mass : —_——
Fat % —_—— Fat %
Height —_——— Height B —
Weight Weight
BMI _———— BMI ;] ——
Waist circ. —_——— Waist circ. —_————————
Hip circ. —_—— Hip circ. : —_——
Waist/hip 1 —_—— Waist/hip | ——
09 1.0 11 12 13 0.8 1.0 12 14
HR (95% CI) per 1 SD increase HR (95% CI) per 1 SD increase
Figure 1  Forest plots of the multiply-adjusted risk of the primary outcome according to lean body mass in (A) men and (B) women. The primary outcome is

defined as a composite of second- or third-degree atrioventricular block. HRs per 1-SD increase and corresponding 95% Cls associated with the various anthro-
pometric exposures are shown above. BMI = body mass index; CI = confidence interval; circ. = circumference; HR = hazard ratio; SD = standard deviation.
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Figure 2  Dose-response relationship of the primary outcome with fat mass and lean body mass in (A) men and (B) women, after mutual adjustment. The

primary outcome is defined as a composite of second- or third-degree atrioventricular block. The solid line indicates a restricted cubic spline curve, and the
shaded area indicates the 95% CI. Restricted cubic spline models were fitted using Cox proportional hazards models adjusted for covariates included in the
main analysis and mutually adjusted for fat mass or lean body mass. CI = confidence interval; HR = hazard ratio; SD= standard deviation.

and women (P for trend < .001 for all comparisons)
(Figure 3). The association between LBM per quartile in-
crease and the prevalence of a prolonged QRS duration
(>120 ms) in both sexes is illustrated in Supplemental
Figure 3.

LBM and sex differences in the primary outcome
The incidence of the primary outcome was higher in men
than in women (Figure 4). The difference in the incidence
of the primary outcome between men and women was atten-
vated after adjusting for sex-related differences in LBM
(Figure 4).

Sensitivity analyses

The measurement of LBM derived from bioimpedance anal-
ysis was strongly correlated with the measurement of LBM
derived from DXA in a subset of UK Biobank participants
(Pearson correlation coefficient 0.93; 95% CI 0.93-0.94; P
< 0.001 in men and Pearson correlation coefficient 0.93;
95% CI 0.92-0.93; P < .001 in women) (Supplemental
Figure 4). Study results remained robust when missing

data were handled using multiple imputation by chained
equations (Supplemental Table 7). Similar results were ob-
tained when (1) excluding participants with atrial fibrillation
or antiarrhythmic drug use at baseline (Supplemental
Table 8), (2) adjusting for systolic and diastolic blood pres-
sures instead of hypertension (Supplemental Table 9), (3)
excluding participants with the incident primary outcome
during the first 2 years of follow-up (Supplemental
Table 10), and (4) additionally adjusting for myocardial
infarction and heart failure as time-updated covariates
(Supplemental Table 11). The main results persisted after
additional adjustment for resting heart rate (Supplemental
Table 12).

Discussion

Principal findings

In this UK Biobank prospective cohort study, an increased
LBM was independently and predominantly associated
with a higher risk of the incident primary outcome in both
men and women. The sex difference in the risk of the pri-
mary outcome was attenuated after adjusting for sex-
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Percentage of the prolonged PQ interval (>200 ms) across quartiles of lean body mass in (A) men and (B) women. A total of 18,591 participants

(9286 in men and 9305 in women) were involved in the electrocardiogram substudy. Participants were stratified into quartiles of lean body mass: for men,
quartile 1 (<58.6 kg), quartile 2 (58.7-63.0 kg), quartile 3 (63.1-68.0 kg), and quartile 4 (>68.1 kg); for women, quartile 1 (<41.1 kg), quartile 2 (41.2—

43.8 kg), quartile 3 (43.9-46.9 kg), and quartile 4 (>47.0 kg).

related differences in LBM. Higher LBM was associated
with a higher prevalence of a prolonged PQ interval.

LBM is independently and predominantly
associated with the incident primary outcome

Our study demonstrated that an increase in LBM was
independently and predominantly associated with a
higher risk of the primary outcome in both men and
women, even after adjustment for various anthropo-
metric variables. Notably, the association between
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Figure 4  Sex-specific incidence of the primary outcome. The primary

outcome is defined as a composite of second- or third-degree atrioventricular
block. The solid light blue line indicates the crude incidence of the primary
outcome in men, whereas the solid red line indicates the crude incidence of
the primary outcome in women. The dashed blue line indicates the crude inci-
dence of the primary outcome in men divided by the estimated hazard ratio
corresponding to the sex difference in LBM. LBM= lean body mass.

LBM and the incident primary outcome was attenuated
after adjusting for sex differences in LBM, supporting
consistency of our main findings. Our findings suggest
that it is LBM, rather than fat mass, that is independently
associated with a higher risk of the primary outcome.
Notably, elevated baseline high-sensitivity C-reactive
protein levels were associated with an increased risk of
the primary outcome in both sexes, consistent with previ-
ous studies.™'" These findings suggest that inflammatory
status (eg, metabolic status), rather than fat mass itself,
should be considered in both the stratification and the po-
tential modification of AV block risk.” The incidence of
the primary outcome in the UK Biobank cohort was
much lower than that among participants in the Athero-
sclerosis Risk in Communities Study and Cardiovascular
Health Study.” The UK Biobank cohort is susceptible to
healthy volunteer bias, suggesting that the primary
outcome events may be less pathological.'”

LBM is associated with a prolonged PQ interval

As LBM increased, the prevalence of a prolonged PQ inter-
val also increased, which is a marker of AV conduction
delay. However, individuals with higher LBM are often
characterized by enhanced parasympathetic tone (vagotonic
state).'” Moreover, individuals with larger body size typi-
cally have larger atrial dimensions, which could result in
increased conduction distance and thereby partially increase
the PQ interval.'* Whether the prolongation of the PQ inter-
val observed with increasing LBM reflects not only benign
vagotonia or physiological structural enlargement but also
additional mechanisms remains to be clarified, as the associ-
ation persisted after additional adjustment for resting heart
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rate and was associated with AV block-related pacemaker
implantation.

Limitations

Our study has several limitations. First, bioimpedance
does not directly measure but predicts LBM, and these
predictions can be affected by hydration and body compo-
sition heterogeneity. However, the strong correlation be-
tween bioimpedance-derived LBM and DXA-derived
LBM indicates a low likelihood of misclassification bias.
Second, changes in LBM during follow-up after the base-
line assessment were not considered when evaluating its
association with the incidence of the primary outcome.
Third, outcome events were identified using /CD-10 and
OPCS-4 codes, which may have missed asymptomatic or
fatal events because these codes are based on hospital
inpatient and outpatient records. Fourth, because of the
observational nature of the study, the presence of residual
confounding or reverse causality cannot be entirely
excluded. Lastly, the majority of UK Biobank participants
were middle-aged and of white ethnicity, which limits the
generalizability of the findings to other age groups and
racial or ethnic populations.

Conclusion

An increase in LBM was independently and predominantly
associated with a higher risk of incident AV block in both
men and women. Higher LBM was associated with a higher
prevalence of a prolonged PQ interval. The observed sex dif-
ference in the incidence of AV block was attenuated after ad-
justing for sex-related differences in LBM. Our findings
suggest increased awareness of AV conduction delays, AV
block, and the related risk of pacemaker implantation in in-
dividuals with high LBM.
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